HOLD FOR RELEASE
UNTIL PRESENTED
BY WITNESS

April 3, 2008

Statement of
Richard J. Gilbrech, Ph.D.
Associate Administrator
Exploration Systems Mission Directorate
National Aeronauticsand Space Administration

beforethe

Subcommittee on Space and Aeronautics
Committee on Science and Technology
U.S. House of Representatives

Mr. Chairman and Members of the Subcommittee, tlyankfor the opportunity to make my first
appearance before you today as the Associate Asimator for the Exploration Systems Mission
Directorate (ESMD) to discuss NASA's Exploratiorogram.

In 2007, ESMD delivered on its promises, and wé eahtinue to do so in 2008. Major development
work is underway; contracts are in place, and aturé Exploration plan is executable. By the ehd o
2008, NASA will see its first lunar spacecraft labed from the Agency’s Kennedy Space Center (KSC)
in Florida. This Lunar Reconnaissance Orbiter ()R@d the Lunar Crater Observation Sensing Satellit
(LCROSS) will help NASA scout for potential lunamniding and outpost sites. Additionally, in 2008,
NASA will continue to plan how best to transitiomyaneeded Shuttle workforce and infrastructurénéo t
Constellation program.

The FY 2009 budget request of $3.5 billion for ESMI support continued development of new U.S.
human spaceflight capabilities and will enable @instd and affordable human space exploration tfter
Space Shuttle is retired at the end of FY 2010e Gindget request provides stable funding to allow
NASA to continue developing our next-generation.bi@nan spaceflight vehicles while also providing
research and developing technologies for the leteyen development of a sustained human Exploration
of the Moon and other destinations. Budget stghiti FY 2009 is crucial to maintaining a March 801
Initial Operational Capability (IOC) for the OridCrew Exploration Vehicle and Ares | Crew Launch
Vehicle. There is minimum flexibility through 201€o Congressional support for the full FY 2009
budget request is critical. In addition, NASA wibthntinue to work with other nations and the
commercial sector to coordinate planning, leveiagestment, and identify opportunities for specific
collaboration on lunar data collection and lunafaste activities.

The FY 2009 budget request continues our Natiomshentum toward returning American astronauts to
the Moon by 2020. NASA plans to build an outpastlee Moon to advance U.S. scientific, security] an
economic interests as part of a sustained anddafiibe human and robotic program of solar system
Exploration. Astronauts will learn to use resosrageady on the Moon, preparing for possible futur
journeys to Mars or other destinations in the ssjyatem. Successful lunar exploration is not gistut
developing a lander or a habitat. It will requilevelopment of a system of Exploration elements,
including a transportation system, habitation, reyepacewalking systems, surface power, and
communication. NASA has put together a team ofesofrits best scientists and engineers to work on
these projects. We also are working with 13 iradomal partners and the commercial sector to



coordinate planning, leverage investment, and ifyempportunities for specific collaboration on m
data collection and lunar surface activities.

Much has happened since Americans first landeth@moon, but in particular the scope, breadth and
importance of space activity has grown significantfloday, the global space economy exceeds more
than $220 billion annually, and that figure is ghogvrapidly each year. NASA is a small, but intdgr
component of this critical global economic engin€oday, we live in a time when space has become a
globally utilized resource and when other natioageithe ability to launch humans into space. Today
the skies are filled with satellites that impadt tives of billions of people on planet Earth. agd
American astronauts are living in space with iré¢ional colleagues aboard the International Space
Station (ISS), and scientists worldwide are stugyiar solar system via robotic missions. Simplt; pu
space affects everything we do.

Thanks to the support of the President and Congoesd\ation once again has a vision for the futbed
addresses space Exploration on all fronts. hesedfore only fitting that we have begun on an atve

to return Americans to the Moon as part of thaaldes policy and vision. This adventure will drive
toward new technologies; will enable a new areacoinomic activity; will strengthen our National
security; will engage our technical and engineevitogkforce; will provide an opportunity to collatate
on important missions with our international parghend, will inspire a new generation of sciestesd
engineers to participate in America’s space progralASA’s Exploration program will also ensure that
our Nation’s space program continues to organizkimspire the best of our energies and skills for
generations to come.

NASA is committed to carrying out our Nation’s ¢igpace program, and we pledge to keep the
Congress fully informed about our efforts and aehiments. As requested in the invitation to testify
today, the remainder of my testimony outlines NASAirogress, and some of the Agency’s challenges, in
implementing the Orion and Ares projects. My tesiny also addresses NASA's evolving lunar
architecture, which will return Americans to the doby 2020 in preparation for human Exploration of
Mars and other destinations.

Constdlation Program Status

The FY 2009 budget request for Constellation Systisnapproximately $3.0 billion. The Constellation
program includes funding for the Orion and Areggxts, as well as for ground operations, mission
operations, and extravehicular activity projectd ardedicated in-house effort for systems engingeri
and integration. NASA recognizes that challenggsahead for the Agency, and we are making progress
in managing these challenges. Our greatest clggllsnsafely flying the Space Shuttle to complete
assembly of the ISS prior to retiring the Shutl€010, while at the same time, developing new U.S.
human spaceflight capabilities of the Constellapoogram and successfully transitioning our wor&éor
between Shuttle and Constellation activities. Fulding of NASA’s FY 2009 budget request for
Constellation is needed so that we can continueesstul transition between the Shuttle and therOrio
and Ares |. The FY 2009 budget request maintamsnQOC in March 2015 at a 65 percent confidence
level and full operational capability (FOC) in FO15, though NASA is striving to bring this new velgi
online sooner.

The FY 2009 budget request for Constellation wifyort a total of three uncrewed test flights ptcor
IOC in FY 2015. The IOC is defined as the firstwed flight of Orion to the ISS, enabling fightttes
astronauts to fly the Orion on its maiden voyagellowing I0C, there will be one additional crewedt
flight of Ares | and Orion to the ISS before NASAdiares FOC. The FOC milestone is defined as the



date when Orion transports crew to the ISS; remaitise 1SS for up to 180 days; and then safelyrinst
the crew to Earth.

NASA has planned and paced the multi-decade Cdausdel program to live within its means, while
carefully identifying and mitigating the threatsrtission success. Within the Constellation program
NASA is making important decisions to stay withidiget and on schedule by striving for the lowest
life-cycle costs possible. NASA has establisheihdial plan for Constellation’s designs and inmagd
flight tests to ensure that the Agency adequatststsystems prior to their operational use amavall
appropriate time to implement critical lessonsredarfrom these tests.

NASA'’s Constellation program has moved beyond b@ista mere concept on paper; we are making
real progress. We have tested hardware; we hatedteanding systems; and we have logged thousands
of hours in wind tunnels. So far, the Ares | pobjeas conducted more than 4,000 hours of windelunn
testing on subscale models of the Ares | to simautatv the current vehicle design performs in flight
These tests support development of the J-2X erigimbe Ares | and the Earth Departure Stage of the
Ares V. By December 2007, all major elements ef@rion and Ares vehicles were placed under
contract. This year, Constellation will be busyhhardware activities which include fabricatiortioé
First Stage Development Motors 1 and 2 for Areoimplete construction of the Upper Stage Common
Bulkhead Demonstration article and also deliverfits¢ Ares I-X demonstration test flight hardwaoe
KSC in October 2008. Orion will be just as busyinanating the year with a test of its launch abort
system at the U.S. Army’s White Sands Missile RaiWy&RM) in New Mexico.

NASA has a dedicated group of civil servants amtra@tors who work together to check and cross-
check the multiple variables that go into desigrang eventually operating these future Exploration
vehicles. Constellation also has an integrateddudie and we are meeting our early milestone200Y,
Constellation completed a “Season of System Repainés Reviews” for the program and its projects.
Design reviews are essential to good engineeriagtioe. The year culminated with an Orion Point of
Departure (POD) design and a green light to momedod to the Preliminary Design Review (PDR). An
Integrated Stack Technical Interchange Meeting a® a great success with all top issues being
resolved. Thus, the Constellation program was tbdgrike a technical baseline from which integdat
assessments can be formed. The program closeddhiéecture for going back to ISS; has identitieel
areas necessary to do the same for lunar; and asw blearer understanding of its growth path tdwar
that goal. Constellation also has the green ligimove forward in developing systems for a lunar
capable vehicle that meets our budgets and schadatis. Agency leadership has embraced the results
of this season of reviews and has approved thet€lai®n program to move forward to PDR for both
Orion and Ares | by this fall.

For background, a PDR is a crucial milestone bexilis the first major review of the detailed dgsi
and is normally held prior to the preparation ahfal design drawings. During a PDR, the program
verifies that the preliminary design meets all isgments within acceptable risk limits and withiret
cost and schedule constraints. The completioh@PDR and the closure of any actions generatedeby
review become the basis for the start of the dadaidrafting and design effort and the purchaseadbp
materials, and equipment needed.

Currently, NASA has civil servants and contractamsboard for the Constellation program servinglat a
ten field Centers. Last fall, the Agency assigned leadership roles and responsibilities for Esqiion
and Science missions to NASA's ten field Centersrater to help restore the core technical capadslit
across the Agency as we transition from the Spacétls to new capabilities. This action included
assigning preliminary work assignments coveringneliets of the Altair human lunar lander and lunar
surface operations, as well as the Ares V and E2eftarture Stage necessary for lunar Exploratidms
year, NASA will continue efforts to define the sjfiecwork the field Centers will perform in ordew t



enable astronauts to again explore the Moon, vigailéng the way for human Exploration of Mars and
other destinations. It is also important to nb NASA’s Constellation program involves industry
partners from more than 20 states across the gowvitich makes Constellation a truly Nationwide
effort.

In addition, NASA is making infrastructure improvents at many of our Centers including:

* Modifications to the Space Power Facility (SPFB&Nnn Research Center's Plum Brook Station
(Ohio) in support of Orion environmental testingabling the SPF to perform vibration and
vibro-acoustic testing;

» Construction of a new high-altitude test standtahfSis Space Center (SSC) in Mississippi for
testing the J-2X Upper State engine under simulaigiataltitude conditions;

» Construction of Orion abort system testing fa@#tat WSMR;

* Major refurbishment of the Operations and CheckBuitding at KSC in support of Orion final
assembly and test;

» Major refurbishment of building 29 at Johnson Sp@eeater (JSC) in Texas to support a
Constellation Avionics Integration Lab in suppoiiQrion; and,

* Minor and major modifications to Arc Jet Heatersdted at JSC and Ames Research Center in
California in support of Orion heat shield devel@mhand qualification.

Status of the Orion Crew Exploration Vehicle

By 2020, America will send a new generation of expis to the Moon aboard the Orion crew module,
thereby enabling a sustained human presence béywrdarth Orbit (LEO). With its IOC of March
2015, Orion is a critical capability for the Natitmsupport Exploration and to ensure U.S. accgss b
American astronauts to all regions of LEO and treoM The Orion also opens the door to Mars and
other destinations.

NASA is continuing the design process for the Ordon is pleased with the progress made so far. The
current design configuration establishes a robektcle and meets the weight requirements, including
meeting the more demanding lunar configurationsor® design borrows its shape from the capsules o
the past, but takes advantage of 21st century tdotpyrin computers, electronics, life support,
propulsion, and heat protection systems. Oriohaailry up to four crew members on lunar missioms a
up to six crew members to and from the ISS. By2@2e new capsule will be able to rendezvous with
lunar landing module, which will carry astronawighe Moon’s surface. Orion also will be the véhic
that returns our astronauts safely to Earth.

During 2007, the Orion project tested numerousomgstifor landing systems, including air bag systems
varying configurations, and the project began fadiion of a flight test article for Pad Abort Tést-

Both the Orion and Ares projects also conductedaroms recovery parachute drop tests in Yuma,
Arizona to better understand the reefing performasfahe drogue, pilot and main chutes. Last w0
included a season of design reviews for the Orrofept. After completing a System Definition Rewie
(SDR) in August, the Orion team realized that thim®configuration was too heavy, so NASA began an
effort to establish a POD configuration for theddrspacecraft that would meet requirements for mass
power and cost. In November 2007, NASA seniordesdncluding Administrator Michael Griffin,
approved the POD and approved Orion to move fonwaadthe PDR design cycle, which is scheduled to
conclude this fall.



As approved in November, the POD configuration:

« Establishes a robust vehicle;

* Meets weight requirements for lunar and ISS missiand

* Meets the more demanding lunar configuration wj00@ Ib of Manager’'s Reserve (MR) and 15
percent average Weight Growth Allowance; This MfRers the 9 percentile of mass threats
and opportunities identified.

Between now and the conclusion of PDR this fall, 3awill continue to work these issues:

» Crew support for safety;

» Ensuring the vehicle adequately supports the cnetivé event of contingency landings when the
crew may have to spend an extended period of tintlee vehicle prior to recovery by ground
support teams;

» Assessing landing scenarios, leading to a finalst@t about whether Orion will land on land or
water during nominal landings;

» Assessing mass threats and opportunities agam€iilon PDR POD configuration; and

* Understanding the vulnerabilities of the POD vehiahd understand the Loss of Crew and Loss
of Mission probabilities.

Another integral part of the Orion project is a haln Abort System (LAS), which will offer a safe,
reliable method of moving the entire crew out afigier in the event of an emergency on the launch pad
or during the climb to Earth orbit. Mounted at tbp of the Orion and Ares | launch vehicle stdhle,
abort system will be capable of automatically safpag the Orion from the rocket and positioning the
Orion for a safe landing. The planned LAS impletaton uses a solid rocket motor that is positiooed
a tower atop the crew module that will pull theddrand its crew to safety. NASA plans a serigestfs
to characterize the LAS. Pad Abort (PA)-1 is tingt of these tests and will address what hapdeans i
emergency occurs while the Orion and the launcliciehre still on the launch pad. This test is
scheduled for December 2008 at WSMR. The Oriow ene@dule test article was shipped to Dryden
Flight Research Center, California, on March 27duwtfitting. It will then be shipped to White Sanfbr
integration with the launch vehicle and LAS for thecember 2008 PA-1 test.

Status of the Ares| Crew Launch Vehicle

Ares | is an in-line, two-stage rocket that wilhigaOrion to LEO and will becomes NASA's primary
vehicle for human exploration in the next decadees | will be able to lift more than 25 metric ®n
(55,600 pounds) to LEO. Its First Stage will usrale five-segment solid rocket booster -- a\dsive
of the Space Shuttle's solid rocket booster, whlsh will be a critical element of the Ares V hedifty
launch vehicle. The Ares V will consist of twodigegment strap-on boosters, which will enable the
Ares V to carry up to 65 metric tons (143,299 pa)raf payload to trans-lunar injection orbit or 135
metric tons (297,624 pounds) to LEO. The Ares Mesents a capability far beyond that of today’'s
global launch systems, opening the door to explmratnd to a range of national and scientific
applications in all regions of space. The Secdadé&of the Ares |, also known as the Upper Stadke,
provide the navigation, guidance, control and plsipa required for the Second Stage of the rocket's
ascent. It will consist of a J-2X engine, a fuik for liquid oxygen and liquid hydrogen propetiaand
associated avionics. Like the solid rocket boosker J-2X will contribute to our plans for humaméar
exploration by powering the Earth Departure Stéige ¥ehicle carrying the Orion and a human lunar
lander) to the Moon.



The J-2X is an evolved version of two historic mregksors: the powerful J-2 engine that propelled th
Apollo-era Saturn I-B and Saturn V rockets, andM&S, a simplified version of the J-2 that was
developed and tested in the early 1970s. By utdithe J-2X, NASA eliminates the need to develop,
modify, and certify an expendable Space Shuttlénenigr the Ares I. NASA expects the J-2X to bssle
expensive and easier to manufacture than the §fagde main engine. Changing from the four-
segment First Stage solid rocket motor to the §itagze segment for the Ares | also represents a
significant and direct down payment on the Aregiabling an earlier delivery date for Ares V.

Although the J-2X is based on the J-2 and J-2Shesgised on the Saturn V, it also leverages kngeled
from the X-33 and RS-68. NASA also is planningnéfigant upgrades to the engine, which essentially
makes the J-2X a new engine development programerefore, NASA has taken steps to mitigate J-2X
risks by increasing the amount of component-lessting; procuring additional development hardware;
and working to make a third test stand availablgéocontractor earlier than originally planneda O
August 23, 2007, NASA broke ground on a new roekefine test stand at Stennis Space Center in
Mississippi. The test stand will provide altitugsting for the J-2X engine and will allow engirsety
simulate flight conditions at different altitude$esting on the A-3 stand is scheduled to beglat:

2010.

Last year, the Ares project office conducted aceat SDRs for its major elements: First Stage, &Jpp
State and Upper Stage engine. These activitiedwded with the integrated Ares | SDR in October
2007. In support of Orion and Ares | SDRs, a seofeintegrated vehicle analyses were conducted to
characterize performance of the Orion/Ares | stdolring these reviews, NASA discussed a thrust
oscillation issue during First Stage operationrushoscillation is not an uncommon risk in sobadket
motors because thrust oscillation or resonant hgris a characteristic of all solid rocket motdiiss the
First Stage of the Ares | launch vehicle. It isged by vortex shedding inside the solid rocketomot
similar to the wake that follows a fast moving bodthen the vortex shedding coincides with the
acoustic modes of the motor combustion chambesgspre oscillations generate longitudinal forces tha
may impact the loads experienced by the Ares Ingutight, and may exceed allowable loads on variou
portions of the vehicle and allowable forces ongb&onaut crew.

In November 2007, NASA chartered the Thrust Od@illaFocus Team to precisely define the frequency
spectrum and oscillation amplitudes that the fisgnsent motor is expected to produce. These arsalyse
are being accomplished using a combination of alklground test motor data as well as early Shuttl
solid rocket motor flight data. Efforts are undegwto update the existing data set by adding
instrumentation on several upcoming Shuttle fligHtsparallel, the team is evaluating vehicle ctal
assessments in order to provide additional vibmagolation to critical launch vehicle systems and
uncouple the vehicle’s natural frequency from matoluced loads. Since upper stage elements and the
command/service module are not yet fully desigtigid,is an excellent time to factor in thrust dstibn
load mitigation should that be required. The tsaamnalysis has already led to several mitigation
strategies, including the removal of a significamount of conservatism from within existing models,
correlating to significantly lower loads by a factd almost two. Additionally the team was able to
remove the first longitudinal mode as an issuee+émaining effects are now in a narrow, manageable
region in the 12Hz frequency range. NASA will cantladditional analysis coupled with upcoming
flight test on the Shuttle (STS 125, planned fogist 2008) and Ares I-X (planned for April 2009) to
better characterize this phenomenon, which maphéunteduce loads. In summary, NASA is confident in
its ability to mitigate the risks associated withust oscillation, and we will keep the Congress tis
Subcommittee informed of our progress.

Last year, the U.S. Government Accountability Gff{iGAO) acknowledged that NASA has taken steps
toward making sound investment decisions for thesAraunch vehicle. GAO reported that NASA is
relying on established technology to support theggot and is adopting an acquisition strategy that



emphasizes attaining knowledge on cost, scheddeeainical and development feasibility before
commitments are made to long-term investments. GA® also rightly identified many of the
challenges that still remain for the Ares | projeatequirements complexities, design details, and
challenging schedule are particularly highlightahong others. NASA has made a great deal of gegre
to date on Ares I; we have accomplished much imoat eriod. However, | am well aware that there i
still much to be done. The GAO recommends that NASvelop firm requirements, a preliminary
design, and realistic cost estimates in time ferAhes | PDR late this summer. This is exactlyiatent

— to make sure that all of our projects, not jussAl, reach the appropriate level of maturityaathe
milestone before they proceed further. | haveyegenfidence that our team will build on our recent
progress, overcome the challenges immediately beforand successfully reach our next goal.

In December 2008, NASA will complete the integraséack sync point for Orion and Ares |, which is a
key milestone in the development progress of tipesects. The integrated stack sync point will
demonstrate that Ares | and Orion preliminary desjgs well as the integrated stack analyses, mave
all system requirements within acceptable riskitdin the cost and schedule constraints. The sync
point establishes the basis for proceeding to thes@llation Program-level PDR. The integratectsyn
point also will show that the correct design opsitiave been selected; interfaces have been idehtifi
and verification methods have been described. Aien and Ares | project offices are currently
finalizing data products required to meet theinvidual project-level PDRs. Should key informatioot
be available by December 2008, the program willieate delinquent data product status and provide a
strategy to ensure products are available to stpip@program PDR. The program office would then
apply appropriate resources to mitigate delinqpeoduct risks.

Let me re-emphasize that the Constellation prodrasnmoved beyond just drawings and into real
hardware fabrication and testing. For exampleirirégg in late 2006 and continuing into 2008, susc
main injector hardware underwent hot-fire testimgupport development of the Upper Stage engine for
NASA'’s Ares | crew launch vehicle and Earth Depaet8tage of the Ares V cargo launch vehicle. The
hot-fire tests are part of efforts to investigagsign options for, and maximize performance of JHaX
Upper Stage engine. NASA engineers also have abedumore than 4,000 hours of wind tunnel testing
on subscale models of the Ares | to simulate hanctirrent vehicle design performs in flight. These
tests will lay the ground work for NASA's first setiuled demonstration test flight for Ares |, calkegs
I-X, scheduled for April 2009. That is just a mé&&months from now.

Ares I-X will be the first demonstration flight die technologies for and components of the new U.S.
Exploration launch vehicle system. Important teciainhighlights of the Ares I-X test flight are:
demonstration of First Stage separation sequenamgssessment of First Stage atmospheric reentry
characteristics; an assessment of vehicle rolLisghile in flight; and a demonstration of assenaig
recovery activities for a new launch vehicle at KTASA recognizes that there are technical chgksn
related to parachute testing, modal testing andsl@ad environments, and we are working to mitigate
those risks.

The Commercial Crew and Cargo Program

In FY 2009, NASA is requesting $173 million for tB®@mmercial Crew and Cargo Program and its
associated Commercial Orbital Transportation Ses/{(€OTS) projects. Full funding is essential to
maintaining NASA’s promised $500 million investmeamthis program to spur the development of U.S.
commercial space transportation services to amd foav-Earth-orbit (LEO) while also providing
substantial savings to the taxpayer compared toAG8vernment-owned and operated capabilities.



The objectives of this program are to: 1) implenigr®. Space Exploration policy with an investment t
stimulate commercial enterprises in space; 2) gpidevelopment of U.S. commercial space
transportation services to and from LEO; and, 3)aemce U.S. access to LEO and the ISS while also
providing substantial savings to the taxpayer caeghéo NASA Government-owned and operated
capabilities. The availability of safe, reliabledaeconomical service to LEO will help NASA achidkie
Nation’s goals of retiring the Space Shuttle, seng the ISS (designated as a National Lab purswant
the NASA Authorization Act of 2005, 109-155), andlding a new transportation system that expands
our Nation’s sphere of economic and scientificuafice on the Moon and beyond.

COTS is envisioned for execution in two phasesaseil is a period of development and demonstration
by private industry, in coordination with NASA vilanded and unfunded Space Act Agreements (SAAS),
of various space transportation capabilities tofaowh low Earth orbit determined to be most dedeab

for the government and other customers. Once abdéy is demonstrated, NASA will enter into the
second phase, which will be a competitive procurdgroéorbital transportation services to supply the
ISS. A commercial services resupply contract bdéllmanaged by NASA's Space Operations Mission
Directorate. A draft Request for Proposals fos ttontract was issued on February 28, 2008, amah f
RFP is on track to be issued later this month.

As part of Phase I, NASA has negotiated funded Swis two partners. Each SAA has individualized
milestones and objective criteria that spell oudatail a schedule of performance milestones thet e
participant is expected to achieve along with adipayment to be made upon completion. These
milestones culminate in a flight demonstration vehitie participant’s vehicle will launch, rendezvous
and berth with the ISS, and in the case of onenpdg demonstration, return safely to Earth. Timeded
partners are paid a pre-negotiated fixed amountibtihey successfully complete a milestone. Hythlo
not complete the milestone to NASA's satisfactithey are not paid. These milestones can be teahnic
(for example, a successful design review or harewest) or financial (i.e., raising a certain antoafn
private funding).

Altogether, NASA is providing about $500 million@nvfive years to stimulate the commercial space
transportation market to help develop safe, ratianld cost-effective access to and from LEO:

* In August 2006, NASA signed a funded SAA with Spaegloration Technologies Corp. of El
Segundo, Calif., also known as SpaceX. The commsgheduled to receive $278 million to
supplement its privately funded efforts and is plag to conduct a demonstration flight to the
ISS in March 2010. In early February, SpaceX faiymotified NASA that it was projecting a
six to nine month delay in the launch of the Fal®daunch vehicle and Dragon spacecraft
demonstration missions. On Feb. 28, 2008, NASA@besl an amendment to the SpaceX SAA,
renegotiating milestones to align the current dgwelent and demonstration schedule with ISS
integration activities. Also, several milestonesrevadded and others modified to allow
additional insight and clarification of objectiveeasures of progress of the demonstration
program. SpaceX has met all milestones to dateanthues to make excellent progress in the
development of its launch vehicle and cargo capstile total NASA investment in this
agreement of up to $278 million remains unchangkhdopugh individual performance payments
for some milestones have been adjusted. Spacekebeised a total of $139 million for
successfully completing the first eight milestones.

* On Feb. 19, 2008, NASA announced the selectionrbit&@ Sciences Corporation of Dulles, Va.,
for a second funded SAA to replace the Space Aetemgent that NASA terminated with
Rocketplane-Kistler (RpK) in October 2007 for RpKadure to perform under the terms of the
agreement. Orbital will receive approximately $4dillion to supplement its privately funded



efforts and is planning to conduct a demonstrdlight to ISS in December 2010. The funds
made available for Orbital’'s award were funds met/pusly used by RpK.

* NASA also has entered into unfunded SAAs with fitieer companies — Constellation Services
International, PlanetSpace, SpaceDev, SpaceHald randformational Space Corp (t/Space).

Lunar Implementation

A human spaceflight program with no plan to senappebeyond the orbiting ISS certainly is not im ou
Nation’s best economic or strategic interest. Tbkimbia Accident Investigation Board (CAIB), which
examined the 2003 loss of the Shuttle and its caeknowledged that for the foreseeable future,espac
travel is going to be expensive, difficult and darays, but emphasized that U.S. human spacefight i
not only strategic, but also what makes us a ddatibn. The report noted that not developing a
replacement vehicle for the Space Shuttle demdssitafailure of National leadership and also deda
that if we are going to send humans into spacegdiaés ought to be worthy of the cost, the risk ted
difficulty.

President Bush responded to the CAIB report. Tamifistration looked at where we had been in space
and concluded that we needed to do more, to gbdurtThe result was the Vision for Space Explorati
announced nearly four years ago, which commitdthiéed States to using the Shuttle to complete the
ISS, then retiring the Shuttle and building a n@meyation of spacecraft to venture out into tharsol
system. Congress ratified that position with aarathelming bipartisan majority, making the Visidret

law of the land in 2005 upon the adoption of theS¥WAAuthorization Act of 2005. Congress specifigall
directed NASA “to establish a program to develgqustained human presence on the Moon, including a
robust precursor program to promote exploratioleree, commerce and U.S. pre-eminence in space, and
as a stepping stone to future exploration of Mas@her destinations.”

As NASA Administrator Michael Griffin eloquently dined in a 2007 speech, NASA is moving forward
with a new focus for its human space program gaout beyond LEO for purposes of human
Exploration and scientific discovery. If humane ardeed going to travel to Mars, if we're goingtm
beyond, we have to learn how to live on other pglayesurfaces, to use what we find there and bietad i
our will. If we are to maintain our global leadeifsas a spacefaring Nation, we have to survivather
forbidding, faraway places across the vastnespaxfes The Moon is a crucially important steppitomne
along that path; it is an alien world, yet one tisainly a three-day journey from Earth.

In 2006, NASA and 12 international partners esshigld the Global Exploration Strategy (GES) team to
identify primary themes and objectives for lunaplexation. These objectives were grouped into six
themes: 1) human civilization; 2) scientific knoadg; 3) Exploration preparation; 4) global parthgrs;

5) economic expansion; and 6) public outreach esélthemes and objectives serve as the foundation f
the development of the lunar architecture curremtiger development. More specifically, NASA
identified several guiding principles for the lumachitecture which include:

* Human lunar missions will be used to build an ostpaitially at a polar site;

* Preserve the option for an outpost at other lupeatlons;

* Preserve the ability to fly human sorties and gamgssions with the human lander;

» Initial power architecture will be solar with thetpntial for augmentation with nuclear power
later;



* The United States will build the transportatiorrastructure, initial communication and
navigation infrastructure, and initial surface exthicular activity (EVA) capability (i.e.
Moonwalk);

* Open Architecture: NASA will welcome parallel déyement and development of lunar surface
infrastructure by international and commercial iegts;

» Early exploration: Reduced assembly through pregirgted habitats;

* Modular mobile habitation:

o Facilitates “super sortie” mobility for 100’s kmstiances from the outpost
o Facilitates greater lunar access to capture exjporand science objectives beyond
LAT1 results; and,
» Early small pressurized rover
o0 Augments EVA operations by allowing astronautsxpl@re in shirt sleeve environment
using EVA judiciously.

Utilizing these guiding principles, NASA is condungf early concept studies for an outpost on the Moo
An Agency-wide team has been hard at work, lookihgoncepts for habitation, rovers and space suits.
When NASA returns Americans to the Moon in 202@amauts will set up a lunar outpost, possibly at
the south pole, possibly at a site called the Setmk Crater, where they will conduct scientifisgarch,
as well as test technologies and techniques foldEagion of Mars and other destinations. The
architecture concept utilizes a building block ay@mh to maintain the maximum amount of flexibility
should NASA want to be able to land at varying taoas on the lunar surface

Data from the LRO and LCROSS missions will enabtere outpost site selection and new information
about resources within the permanently shadowedrerat the lunar poles. The LRO/LCROSS missions
also represent NASA's first steps in returninghte Moon. More specifically, the LRO will develop a
highly detailed, topographic map of the lunar stefto help prepare the way for humans to retuthén
next decade. Information from the robotic spadeeviél be used to select safe landing sites far tiext
generation of lunar explorers. LRO also will paerivaluable information about the environment and
resource availability on the lunar surface. WHile Apollo missions focused on gaining Science from
the area around the Moon’s equator, the LRO witlleithe poles. It will spend at least one yedown,
polar orbit, with instruments working simultaneguis collect detailed information about the lunar
environment. The mission objective is to colldw& highest resolution and most comprehensive @ata s
ever returned from the Moon. The LRO, which isgdbuilt at NASA’'s Goddard Space Flight Center in
Maryland, will carry six instruments and a techgy@emonstration payload. The LRO is scheduled to
be launched atop an Atlas 5 rocket from KSC byetie of the year. The same rocket also is scheduled
to loft the LCROSS spacecraft, which is designedeti®ct water in a permanently-shadowed cratdreat t
lunar south pole.

In response to Congressional direction containgdarExplanatory Statement accompanying the
Consolidated Appropriations Act, 2008 (P.L. 110-16&ASA will fund a robotic lander project managed
by the Agency’s Marshall Space Flight Center inb&iaa as a pathfinder for an anticipated network of
small science robotic landers based on requirenfentddASA’s expanded lunar Science program. The
first robotic lander mission is planned to fly i013-2014. NASA'’s Exploration and Science Mission
Directorates will continue to work together, asytde on numerous projects, to combine resources to
ensure that the goals of the Science robotic laadeachieved.

Work on the human lunar lander also is progressidg.March 17, 2008, NASA's Constellation Program
awarded a 210-day study contract to five spacee@leompanies to independently evaluate NASA's in-
house design concept for the lunar lander thatdeliver four astronauts to the surface of the mwmpn
2020. The awards total approximately $1.5 milliaith a maximum individual award of $350,000. The
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study recommendations will be used to increaseettienical maturity of the existing design, in
preparation for the development of vehicle requeeta. These studies will provide valuable input fo
developing a sound set of requirement for the Altaiar lander.

Once astronauts set foot on the Moon, they wilbresme place to live. NASA had been considering
integrated habitation units emplaced by a cargddanThe team is also discussing the possibifiy o
mobile habitat module that would allow one moddi¢he outpost to relocate to other lunar destimetio
as mission needs dictate. The outpost approactideothe flexibility needed to incorporate
international and commercial contributions to tinedr outpost architecture. International collabora
can help achieve global exploration objectiveseiagtan if NASA attempted to deploy the entire luna
Exploration architectural elements alone.

As part of the lunar architecture, NASA is considgutilizing small, pressurized rovers that wobkl
key to productive operations on the Moon’s surfaéagineers envision rovers that could travel iimspa
two astronauts in each rover — and could be dmaarly 100 kilometers away from the outpost to
conduct Science and other activities. Astronanggle the rovers wouldn’'t need special clothingaose
the pressurized rovers would have what's calleshért-sleeve environment.” It is envisioned the t
spacesuits would be attached to the exterior ofdher. Astronauts could crawl directly from tloeers
into the suits to begin a moonwalk.

NASA has been engaged with its international pastsince 2005, particularly following the GES team’
establishment in 2006. Since then, NASA has wohaed to effectively communicate our plans to our
international partners about our efforts to devetaptransportation systems required to travel betw
the Earth surface and the lunar surface. We alge blearly communicated our desire and interest in
open collaboration on outpost elements. After sdvaonths of collaboration, NASA and 12 other
international agencies developed a joint docum#etlf The Global Exploration Strategy: The
Framework for Coordination. TheFramework Document, as it is commonly referred to, identifies the
common themes that all nations can identify witkhie course of exploring space and establishes some
basic principles for cooperation. During futurealissions, NASA will work with our partners to chefi
standard interface information to minimize to tmeagest extent possible integration costs. We have
recently completed discussions with our internatigrartners on lunar communication standards.

Additionally, NASA is already working with both thlapanese and Indian space agencies on two projects
that will help better inform our lunar efforts. dteSeptember, the Japanese Aerospace Exploration
Agency launched its SELENE/Kaguya mission, which priovide NASA with altimetry data to help
improve our targeting for the LCROSS mission. NA&#S0 is planning to include two instruments this
summer on the Chandrayaan-1 mission, which theim8pace Research Organization plans to launch
this summer. These instruments will help us betteterstand the formation and evolution of the Moon

for the needs of both NASA’'s ESMD and SMD progrand projects. Using radar, we will also be able

to look into the permanently shadowed craterseptiles of the Moon, and since the LCROSS impactor
will be sent to one of these craters, it is impatrfar us to have an initial idea of the surface

characteristics of the possible target sites ferllt@ROSS impact.

Advanced Capabilities

The Agency’s FY 2009 budget request also providéR$nillion for activities in ESMD’s Advanced
Capabilities theme, which seeks ways to reduceiske for human explorers of the Moon and beyond by
conducting research and developing and maturingtaeelnologies. This year, NASA’s Human
Research Program will focus on the highest riskséav health and performance during exploration
missions. We also will develop and validate tedbgies that serve to reduce medical risks assatiate
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with human spaceflight. For example, NASA will tioe its work to understand the effect of space
radiation on humans and to develop effective niitigastrategies. Next year, the Advanced Capadslit
Exploration Technology Development program will danot a range of activities, including testing
prototype ablative heat shield materials; throtflediquid oxygen/liquid hydrogen engines suitafolea
human lunar lander; and lightweight life supposteyns for Orion. The program also will deploy and
test advanced environmental monitoring system$enSS to advance the safety of crewmembers, and
will continue to test in-situ resource utilizatiechnologies as well as life support and cryogénid
management.

For ESMD, the Advanced Capabilities Division has lgad for research onboard the ISS. During 2008,
NASA will continue to conduct research onboard tB& will include experiments on human adaptation
to microgravity, as well as biological and microgta experiments. It is important to note that tB&

will support astronaut return to the Moon by prawgla reduced gravity environment for studying hama
health effects and effective countermeasures. &\thé Moon does have gravity, it is unknown if its
small fractional gravity will be enough so thatmaid physiological function can occur over longer
durations. Information from ISS will provide a sfor the types of countermeasures that we wiidhe

to develop for long-range lunar habitation anddtentual long-transit journeys to Mars and beyond.
NASA will adjust these countermeasures as we gditiadal data from initial lunar human exploreis.
the meantime, we will use ground-based analogsgl s gain additional insight into fractional gtgv
and its effect on astronaut explorers.

NASA is balancing its portfolio to meet the requients of the NASA Authorization Act of 2005,
pertaining to non-Exploration research. In theZo09 budget, NASA budgeted $138 million for
Exploration-related research and $30 million fon+xploration research, resulting in 18 percerthef
ISS research budget being spent on non-Exploratiesarch.

NASA is developing long-range plans to utilize t8& and free flyers beyond 2010. Non-Exploration
payloads for ISS will use existing or soon to blveeed science facilities and racks. NASA is
aggressively working to utilize the ISS for bothpbration and non-Exploration payloads. During 200
NASA participated with a Russian biomedical indgtto investigate fundamental biological processes

a number of living organisms through experimentsgia Russian free flying spacecraft, the Foton M3.
NASA continued development work on a nanosat théinvestigate the effectiveness of antifungal
agents on fungi in microgravity. That missionédeduled to launch on the TacSat 3 mission this fal

On the ISS, fundamental physical science paylaadd) as the Binary Colloidal Alloy Test and the
Capillary Flow Experiment will provide fundameniaformation and validate hypotheses concerning the
behavior of physical systems in microgravity.

NASA continues to integrate Science and Exploraitiiiatives on several fronts. For example, the t
mission directorates are collaborating on plansadioisotope Power Systems. Additionally, ESMD
and SMD are cooperating on the LRO. The LRO heas loesigned, developed, and will be launched and
operated by ESMD for the first year in order toelep a topographic map of the Moon for the
identification of lunar landing sites, and willdatbe transitioned to SMD for additional Scientific
activities. In addition, ESMD and SMD have essti#d an Outpost Science and Exploration Working
Group to coordinate lunar exploration activitiesAmen the two directorates. One of the group’s key
objectives is to jointly identify Science requiram&that could affect the Exploration architectpirier to
lunar systems PDRs. Architecture considerationgdrby Science community recommendations could
include requirements such as telerobotic capadslitiom both the outpost or ground stations and
mobility greater than 100 km from the outpost.
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Seeking Syner gies Between Constellation and Lunar Architectures

In your invitation today, you asked me to address NASA plans to accommodate its goals for the
Constellation and lunar programs while also dealiith constrained budgets. As stated before, full
funding of NASA's FY 2009 budget request for Collateon is needed so that NASA can continue
successful transition between the Shuttle and tien@nd Ares I. The FY 2009 budget request
maintains Orion IOC in March 2015 and FOC in FY @@hd provides stable funding in the out years.
NASA stands behind the President’'s budget and xpdoEation roadmap that it supports. In doing so,
NASA pledges to consistently look for ways to optienperformance, decrease costs, increase refyabili
and sustain safety, while also maintaining alignimégth the goals and objectives outlined by the
President and the Congress for this multi-decagpldgation endeavor.

To mitigate some risk, NASA is consistently lookiimg synergies between the Constellation and lunar
architectures. For example, NASA has definedspartation architecture that maximizes subsystem
commonality between crew access to ISS and the pmogram. Benefits of this common design
approach include a comprehensive decrease in Dd3ayelopment Test & Evaluation (DDT&E) non-
recurring expenses, and lower recurring vehicleufaaturing, logistics, processing, and maintenance
costs realized through commonality of tooling, grdsupport equipment, launch pad interfaces, and
mission scenarios. Developing common Ares | anesAf propulsion systems means that manufacturing
facilities, ground support systems, and launchisftastructure modifications and improvements ban
jointly applicable and leveraged to reducing b&turring and nonrecurring operations costs througho
the life cycle of each system.

NASA also plans to reap benefits and efficiencigpértnering with the Shuttle program and by dexjdi

to utilize a five-segment reusable solid rocketdteo(RSRB) for the Ares | First Stage. Specifical
developing the five-segment RSRB for the Ares | ktelr migrating it to the Ares V Core Stage
propulsion system will result in significant outayesavings on DDT&E costs. Aside from cost savings
associated with this approach, this approach mgngially enable earlier Ares V availability, givémat

the risks associated with developing the five-segrRSRB would have been resolved before embarking
on other core stage propulsion element work.

Conclusion

Throughout history, the great nations have beemmties at the forefront of the frontiers of theinei.

Britain became great in the"l@entury through its exploration and mastery ofsbas. America’s
greatness in the 2@entury stemmed largely from its mastery of the &i this new century, those who
effectively utilize space will enjoy added prospeend security and will hold a substantial advgata
over those who do not. In order to increase kndgée discovery, economic prosperity, and to enhance
National security, the United States must have stlrifective, and efficient space capabilitiese b

not live in a static world -- other countries wakplore the cosmos, whether the United States aloest,
and those will be Earth’s great nations in the yeard centuries to come. Bold plans and strategies
require bold leadership and robust follow-througlegether we can create a bold legacy for genemstio
to come.

Today | have highlighted for you some of NASA'’s giress in developing the Constellation and lunar
architectures — and some of the challenges thatHagd. NASA knows it has a lot of hard work, et
are continuing to make steady progress. In the epa few short years, we have already taken long
strides in the formulation of strategies and progrdhat will take us back to the Moon and on todMar
and other destinations in our solar system. Indaegneration from now, astronauts on the Moon and
Mars will be flying in and living aboard hardwaren&rica is funding and designing today, and will be
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building in the near future. This is a heady lgg@cwhich we can aspire as we develop the next U.S
human space exploration vehicles. The foundatidhie legacy will include work we plan to carrytou
in FY 20009.

| want to stress the criticality to the Nation ogé@ting our goal of successfully transitioning frim
retirement of the Space Shulttle to the operatiodradn and Ares |. NASA's Exploration Systems and
Space Operations Mission Directorates are contintgrwork closely to determine how best to transiti
our valuable infrastructure and workforce to than§lellation program in support of our Exploration
plans. Our transition plan continues to be refindech will closely align Shuttle and Constellation
activities and outline clear milestones to achignesynergies required. | would like to ask this
Subcommittee for your continued support as we gffely transition key elements of our Space Shuttle
workforce, infrastructure and equipment for ouribl@s Exploration objectives. Our efforts are caexp
and intertwined between ESMD and SOMD, and thathyg sustained purpose, direction and budget
stability are particularly important.

NASA is at the beginning of a new adventure. Hnsadventure that presents challenges that are
appropriate for the talents and resources of otioNgfitting to the profound impact of space aities
on a global scale; and respectful of the sacrifihas have been made in the continued pursuitadesp
Exploration. For my part, | look forward to theatlenge of Exploration and to working with you eand
energized NASA workforce to accomplish our goals.

Mr. Chairman, with your support and that of thibb&mmittee, we are making the right strategic awic

for our Nation’s space program. Again, thank youthe opportunity to appear before you today. |
would be pleased to respond to any questions thatay have.
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